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[57] ABSTRACT 

A new class polyimide and polyimide precursors based 
on diaryl oxyalkylene diamines, such as l,3-bis[4-amino- 
phenoxy]-2, 2-dimethyl propane, a process for their 
preparation and their use as the continuous phase for the 
manufacture of composites and composite laminates 
reinforced by reinforcing agents such as carbon fibers, 
Kevlar TM , and other similar high strength reinforcing 
agents. The polyimides and molecular composites ob- 
tained from the diamines according to the invention 
show thermoplastic properties, excellent flex fatigue 
and fracture resistance, and excellent thermal and oxi- 
dative stability. 

8 Claims, 2 Drawing Sheets 
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cyclic peroxyketal catalysts. Edelman teaches the use of 
THERMOPLASTIC POLYMIDES AND divalent aryl radicals. 

COMPOSITES THEREFROM None of the above composite patents teach or insinu- 

ate that the diamines, polyimides or polyimide compos- 


This invention was made with Government support 5 
under contract NAG-I-448 and NAG-I-779 awarded by 
NASA. The Government has certain rights in this in- 
vention. 

This is a continuation of copending application Ser. 
No. 07/549,141 filed on Jul. 6, 1990 now abandoned 1° 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to new diamines, new 
polyimide thermoplastics made from said diamines, new 
reinforced polyimide composites and laminates made 15 
from said polyimides and processes for their manufac- 
ture. 

The present invention relates to: a new class of diaryl 
oxyalkylene diamines; new polyimides made from said 
diamines having improved thermal stability, high T* a 20 
relatively small temperature difference between T^and 
T m and thermoplastic properties; new high strength, 
low cost, fracture resistant, reinforced polyimide com- 
posites and laminates made from said polyimides where 
the composite is reinforced by fibrous materials such as 
carbon fibers or Kevlar @ and processes for their manu- 
facture. 

BACKGROUND OF THE INVENTION 

30 

Polyimides are useful as components which require 
excellent thermal, electrical and/or mechanical proper- 
ties. For general discussion of polyimides preparation, 
characterization and applications see Polyimides , Syn- 
thesis, Characterization and Applications, K. L. Mittal, ed 
Plenum, N.Y. 1984. 

Polyimides based on pyromellitic dianhydride and 
various organic diamines are disclosed in U.S. Pat. No. 
4,485,140 to Gannett et al (E. I. DuPont de Nemours 
and Co.). 40 

Polyimides based on diamines such as 2,2'-di-(p- 
aminophenyloxy)diphenyl and various dianhydrides are 
disclosed in U.S. Pat. No. 4,239,880 to Darms (Ciba- 
Geigy Corp.). 

Harris et al. in U.S. patent application 07/315,327, has 45 
disclosed the preparation of soluble polyimides based 
on polyphenylated diamines. The polyimides taught in 
this reference are typically rod like polyimides and 
possess little if any thermoplastic properties. 

In U.S. Pat. Nos. 4,271,288, 4,239,694 and 4,421,929, 50 
Woo (DOW Chemical Co.) teaches the use of certain 
tetracarboxylic acids as condensation monomers with 
diamines including oxyalkylene and alkyenedioxy di- 
amines. Howewer, none of these diamines had geminal 
alkyl groups beta to the carbon atom bearing the aro- 55 
matic amino end group. 

Numerous patents deal with the manufacture of com- 
posites utilizing carbon fibers or other similar fibrous 
reinforcing agent with polyimides. 

In U.S. Pat. No. 4,851,280, Gupta teaches the use of 60 
carbon fiber reinforced polyimide composites for fabri- 
cating tools. Gupta teaches the use of a different class of 
polyimides than those employed in the present inven- 
tion. 

In U.S. Pat. No. 4,395,5 14, Edelman teaches a process 65 
for the preparation of polyimide composites including 
carbon fiber reinforced polyimide composites. The 
main thrust of the Edelman patent is the use of a class of 


ites of the present invention would have the unusual 
properties of the above diamine, polyimides and poly- 
imide composites. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prepreg drying cycle showing a 
heating ramp under vacuum followed by a one hour 
hold time at 250° C. followed by a rapid cooling ramp 
still under vacuum. 

FIG. 2 illustrates a compression molding cycle show- 
ing a heating ramp at 2Ymin. to 300° C., an hour hold 
under pressure, a second heating ramp at lVmin., an 
hour hold still under pressure, followed by a 2°/min. 
cooling ramp under pressure to a temperature below 65° 
C. 

FIG. 3 illustrates an autoclave curing cycle for the 
composites of the present invention showing an initial 
heating ramp taking the composite to 165° C. with a one 
hour hold. During the heating, a vacuum is applied 
partially at first and fully about f through the first heat- 
ing ramp. After the one hour hold, a second heating 
ramp is applied raising the temperature to 300° C. Once 
300° C. is attained, pressure is switched on and the 
temperature is held for two hours, followed by a third 
heating ramp to 330° C. holding for one and a half 
hours, followed by a cooling ramp back to ambient 
temperature. 

DESCRIPTION OF THE INVENTION 

We have discovered that a desirable new class of 
polyimides and polyimide compositions can be pre- 
pared from a new class of diaryl oxyalkylene diamines 
which can also be referred to as diaryl alkylene dioxy 
(both names may be used interchangeably throughout). 
These new thermoplastic polyimides and reinforced 
polyimide molecular or laminate composites have high 
fracture resistance, outstanding modulus, tensile, excel- 
lent oxidative stability, excellent energy absorption 
characteristics, very low coefficient of expansion, excel- 
lent thermal stability, excellent dielectric properties and 
less expense than most existing polymers. These proper- 
ties will make the polyimides and polyimide compo- 
nents ideally suited for use in the production of high 
performance compositions. 

It is an object of this invention to provide novel polyi- 
mides based on a new class of diaryl oxyalkylene di- 
amines. 

A further object of this invention is to provide novel 
polyimides based on the new diamines and a dianhy- 
dride or polymerizable equivalent thereof. 

A further aspect of this invention is to provide novel 
copolyimides comprising repeat units based on the new 
diamines and one or more dianhydrides. 

A further aspect of this invention is to provide novel 
copolyimides comprising repeat units based on the new 
diamines, one or more dianhydrides, and one or more 
diamines other than a diamine of the present invention. 

A further object of this invention is to provide novel 
polyamides based on a new class of diaryl oxyalkylene 
diamines. 

A further object of this invention is to provide novel 
polyamides based on the new diamines and a dicarbox- 
ylic acid or polymerizable derivative thereof. 
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A further aspect of this invention is to provide novel 
copolyamides comprising repeat units based on the new 
diamines and one or more dicarboxylic acid or polymer- 
izable derivative thereof. 

A further aspect of this invention is to provide novel 5 
copolyamides comprising repeat units based on the new 
diamines, one or more dicarboxylic acid or polymeriz- 
able derivative thereof, and one or more diamine other 
than a diamine of the present invention. 

A still further object of this invention is to provide a io 
novel class of diaryl oxyalkylene diamines and a process 
for manufacturing this new class of diamines. 

Another object of this invention is to provide a novel 
class of dinitro precursor compounds and a process for 
manufacturing this new class of dinitro compounds. 15 

A further object of this invention to provide novel 
polyimide and/or polyamide molecular composites 
where the polyimides are based on a new class of diaryl 
oxyalkylene diamines representing the continuous phase 
or matrix of the molecular composite when the rein- 20 
forcing agent is a rigid fiber or fibrous material such as 
carbon fibers, Kevlar® fibers and the like or other 
fibers. 

The new diamines of the present invention are shown 
in formula (I) below: 25 


ch 3 a) 

H 2 N — Ar 1 — O — CH 2 — C — CH 2 — O — Ar 1 — NH 2 

CH 3 30 


where Ar 1 is an aromatic group where the ether linkage 
and amine linkage are in a para arrangement. 

The new aliamines of the formula (I) can be prepared 35 
according to the following scheme: 


4 

titanium dichloride and/or tetrachloride in the presence 
of HCI, zinc in an acid or neutral medium, optionally 
with the addition of neutral salts, including CaCl2 and 
NH4CI, lithium aluminum hydride, hydrazines, includ- 
ing hydrazine hydrate and phenylhydrazine, if neces- 
sary with the addition of Raney nickel catalysts, and 
sodium dithionite (Na2S2C>4.). All the above reduction 
system are well known in the literature. Catalytic re- 
duction or hydrogenation agents and procedures can 
also be used employing suitable commercial catalyst in 
the presence of hydrogen such as palladium, palladium- 
on-charcoal, platinum, platinum black, platinum oxide 
and, above all, Raney nickel. The catalytic reduction is 
appropriately carried out in a suitable inert organic 
solvent, such as dioxane. 

The compounds of the intermediates (a) and (b) are 
preferably employed in stoichiometric amounts. How- 
ever, the reaction can also be carried out with a slight 
excess of one or the other reactant. Intermediates (a) 
and (b) are known or can be manufactured easily in a 
manner which is in itself known. 

The diamines of this invention can be used as poly- 
condensation components for manufacturing novel 
thermoplastic homopolyimides and copolyimides by 
reacting the diamines of formula (I) with one or more 
dianhydrides of formula (II) 


o o 

II II 

c c 

/ \ / \ 

o z o 
\ / \ / 

c c 

II II 

o o 


(II) 


ch 3 

HO — CH 2 — C — CH 2 — OH + 2 X — Ar 1 — N0 2 > 

I (b) 

CH 3 

(a) 

CH 3 

0 2 N — Ar 1 — O — CH 2 — C — CH 2 — O — Ar 1 — N0 2 ^>(1) 

ch 3 

(c) 


where Ar 1 is as previously defined and where X is a 
halogen atom being preferably F, Cl or Br. 

Thus, l,3-dihydroxy-2,2-dimethylpropane is reacted 
with l-chloro-4-nitro benzene (X is chlorine and Ar 1 is 
phenyl in formula) (b) in the presence of a base to afford 
dinitro compound (c) where Ar 1 is phenyl. The base 
acts as a proton acceptor to neutralize the hydrohalic 
acid which is produced during the substitution reaction. 
Any base can be used, provided that the base is a poor 
nucleophilic so that the base will not compete with 
alcohol in the substitution exchange. Intermediate (c) 
where Ar 1 is phenyl is then reduced or hydrogenated to 
yield a diamine of formula (I) where Ar 1 is phenyl. 

The conversion of intermediate (c) into a diamine of 
formula (I) occurs in the presence of a reducing agent or 
hydrogenating agent. The reduction or hydrogenation 
of intermediate (c) can be performed using well known 
agents such as iron or tin in an acid medium including 
ferrous sulphate, SnCb or sodium hydrogen sulphate, 


where Z is a tetravalent organic radical selected from 
the group consisting of a carbocyclic-aromatic contain- 
40 ing radical and a hetero-cyclic aromatic containing 
radical where each anhydride group is located on an 
aromatic ring with the carbonyl units in an ortho orien- 
tation relative to one another and one or more diamine 
of formula (III) 

45 

H 2 N — Q — NH 2 (III) 

where Q is a divalent organic radical selected from the 
group consisting of an aliphatic radical having at least 2 
50 carbon atoms, a carbocyclic aliphatic radical, a carbo- 
cyclic aromatic containing radical, and a heterocyclic 
containing radical. The term carbo-cyclic aromatic 
containing radical and hetero-cyclic aromatic contain- 
ing radical used to define Z, is meant to include any 
55 radical which has the anhydride groups attached to one 
or more aromatic ring(s) and when describing Q has the 
amine groups attached to one or more aromatic ring(s). 

These diaryl oxyalkylene diamines are unique be- 
cause of the geminal dimethyl substitution pattern at the 
60 carbon beta to the carbon atom bearing the oxygen 
atom (beta refers to the carbon one carbon atom re- 
moved from the carbon bearing a given substituent, in 
this case the aryl oxide substituent). Applicant specu- 
lated that the geminal substitution pattern at the beta 
65 carbon improves thermal stability by eliminating the 
ability of the ether to undergo carbon oxygen bond 
cleavage which yields a phenol and an alkene and de- 
grades the polymer as shown below: 
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P— 0—CH2—C— P ■ 


►P— OH + 


where P is used to evidence the remaining part of the 
polymer on either side of the ether linkage. 

The resulting polyimides comprise from about 1 to 
100 mole percent of a repeat unit formula (IV): 10 


c c ch 3 

/ \ / \ I * 15 

N Z N— aA-O— CHt-C— CHt-O— A r 1 -- 

\ / \ / I 

c c ch 3 

If II 

o o 


and from about 99 to 0 mole percent of a repeat unit of 
formula (V) 


c c 

/ \ / \ 

N Z' N— Q 
\ / \ / 
c c 

II II 

o o 


where Ar 1 , Z and Q are as previously defined and Z' is 
separately and independently an organic radical se- 35 
lected from the group defining Z. 

The polyimides and copolyimides of the present in- 
vention are intended to include all maimers of copolyi- 
mides incorporating at least 1 mol percent and prefera- 
bly 5% to 10-20% and some cases 25-50% of repeat 40 
units of formula (IV). Since the repeat units of formula 
(TV) can include one or more polycarboxy compounds 
of formula (II), the resulting polymers can include any 
combination Of polyimide repeat units. 

In preparing the above polyimides, a mixture of di- 45 
amines of formula (I) and/or diamines of formula (III) 
are reacted with a mixture of one or more dianhydride 
of formula (II). The amount of diamine and dianhydride 
should be close to a one to one molar mixture. How- 
ever, 10% excess of either component is acceptable. 50 
Once the polymerization has been completed, the last 
component to react will determine the polymer end 
group. The polymer end groups can, thus, be an amino 
group, an anhydride group or a mixture thereof. 

Alternately, a chain termination or limiting reagent 55 
can be added to the polymerization mixture to force 
termination of a growing polymer chain. Such chain 
termination or limiting reagents are used to limit the 
molecular weight of the polymer and are well known in 
the art. Amine termination reagents commonly em- 60 
ployed include aniline or substituted anilines. Common 
carboxy terminating reagents include phthalic anhy- 
dride and other similar aromatic anhydrides. 

Dianhydrides of formula (II) are selected from the 
representative and illustrative group consisting of: py- 65 
romellitic acid dianhydride, 3,6-diphenylpyromellitic 
dianhydride, 3,3',4,4'-benzophenonetetracarboxylic 
acid dianhydride, 2, 3 , 3 ',4'-benzophenonetetracarboxy- 


lic acid dianhydride, 2 , 2 ' , 3 , 3 ' -benzophenonetetracar- 
boxylic acid dianhydride, 3,3',4,4'-biphenyltetracar- 
boxylic acid dianhydride, bis-(2,3-dicarboxyphenyl)- 
methane dianhydride, bis(2,5,6-trifluoro-3,4-dicarboxy- 
phenyl)methane dianhydride, 2,2-bis-(2,3-dicarboxy- 
phenyl)-propane dianhydride, bis(3,4-dicarboxyphenyl) 
ether dianhydride, bis-(3,4-dicarboxyphenyl)-sulfone 
dianhydride, N,N-(3,4-dicarboxyphenyl)-N-methy la- 
mine dianhydride, bis(3,4-dicarboxyphenyl)-diethylsi- 
lane dianhydride, 2,2bis(3,4-dicarboxyphenyl)- 
1,1,1,3,3,3-hexafluoro-propane dianhydride, 4,4'-[4,4'- 
Isopropylidenedi(p-phenyleneoxy)]bis(phthalic anhy- 
dride) which is derived from the General Electric bis- 
phenol A ®, 2, 3, 6, 7- and 1,2,5,6-naphthalene-tetracar- 
boxylic acid dianhydride, 2,6-dichloronaphthalene- 
1,4,5,8-tetracarboxylic acid dianhydride, thiophene- 

2. 3.4. 5- tetracarboxy lie acid dianhydride, pyrazine- 

2.3.5.6- tetracarboxylic acid dianhydride and pyridine- 

2. 3.5. 6- tetracarboxy lie acid dianhydride as well as esters 
of the above listed compounds. 

Diamines of formula (III) can be selected from the 
representative and illustrative groups consisting of: 
aromatic diamines such as, but not limited to, o- 
phenylenediamine, m-phenylenediamine, p- 
phenylenediamine, diaminotoluenes, 2,4-diaminotol- 
uene, l,4-diamino-2-methoxybenzene, 2,5-diaminoxy- 
lene, l,3-diamino-4-chlorobenzene, 4,4'-diaminodi- 
phenylmethane, 4,4'diaminodiphenyl ether, 4,4'- 
diaminodiphenyl thioether, 4,4'-diaminodiphenylsul- 
phone, 2,2'-diaminobenzophenone, 4,4'-diaminodi- 
phenylurea, 1,8-diaminonaphthalene, 1,5-diaminonaph- 
thalene, benzidine, 3,3'-dimethyoxybenzidine, 2,2'-bis- 
(trifluoromethyl)benzidine, 2,2'-dimethylbenzidine, 
2,2'-dichlorobenzidine, and other similarly substituted 
benzidines, 1 ,4-bis(2-methyl-4-aminopentyl)-benzene 
and l,4-bis-(aminomethyl)-benzene; heterocyclic di- 
amines such as, but not limited to, 2,6-diaminopyridine, 
2,4-diaminopyrimidine, 2,4-diamino-s-triazine and other 
similar heterocyclic diamines. 

The polycondensation reaction of the diamines of the 
formula (I) with one or more polycarboxy compound of 
the formula (II) and, optionally, one or more diamines 
of the formula (III) is carried out in a manner which is 
itself known. When the polyimides are prepared 
through the polyamide-acid precursor, then the poly- 
condensation reaction or polymerization reaction can 
be carried out at temperatures from about —50° C. to 
+ 300° C. The reaction can be carried out in the melt if 
the components are meltable within the above stated 
temperature range or, preferably, in an inert organic 
solvent or a solvent mixture. For the preparation of 
polyamide-acids of the present invention, temperatures 
from 40° C. to 100° C. are preferred. When the neat 
polyimide is desired, then the reaction is carried out in 
the presence of a solvent in the temperature range from 
about 150° C. to about 325° C. This temperature range 
results in the direct formation of the polyimide during 
preparation and no subsequent imidization reaction, be 
it thermal or chemical, is normally needed. When pre- 
paring a prepreg, the polyamide-acid precursor is poly- 
merized in the presence of a solvent to a low to moder- 
ate molecular weight so that the polymer solution vis- 
cosity is from about 1,000 to 4,000 centipoise at a tem- 
perature from about 40° C. to about 100° C. 

Examples of suitable organic solvents are: chlori- 
nated aromatic hydrocarbons, such as chlorobenzene 
and dichlorobenzenes, chlorinated aliphatic hydrocar- 
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bons, such as methylene chloride, chloroform, tetra- 
chloroethane and tetrachloroethylene, aliphatic and 
cycloaliphatic ketones, such as acetone, methyl ethyl 
ketone, cyclopentanone and cyclohexanone, cyclic 
ethers, such as tetrahydrofurane, tetrahydropyrane and 5 
dioxane, cyclic amides, such as N-methyl-2-pyrroli- 
done, N-acetyl-2-pyrrolidone and N-methyl-a-caprolac- 
tam, N,N-dialkylamides of aliphatic monocarboxylic 
acids with 1-3 carbon atoms in the acid part, such as 
N,N-dimethylformamide, N,N-dimethylacetamide, 10 
N,N-diethylacetamide and N,N-dimethylmethox- 
yacetamide, hexamethylphosphoric acid triamide (hex- 
ametapol), N,N,N',N'-tetramethylurea, tetrahydrothio- 
phene dioxide (sulfolane) and dialkylsulfoxides, such as 
dimethylsulfoxide and diethylsulfoxide. 15 

Preferred solvents are N,N-dialkylamides of aliphatic 
monocarboxylic acids with 1-3 carbon atoms in the acid 
part, especially N,N-dimethylacetamide, as well as cyc- 
lic amides, such as N-methyl-2-pyrrolidone. 

The condensation reactions are appropriately carried 20 
out with the exclusion of moisture, for example in an 
inert gas atmosphere, such as nitrogen. 

Although polycarboxy compounds of formula II are 
shown in their dianhydride form, the esterifled versions 
of these dianhydrides are also commonly used for the 25 
production of polyimide and are useful for polyimide 
formation using the diamines of formula (I). The ester 
process normally does not go directly to the polyimide 
but stops at a polyamide intermediate. This intermediate 
can then be thermally or chemically imidized to form 30 
the desired polyimide. Use can also be made of the 
polycarboxylic acid derivative of compounds of for- 
mula (II). The tetra carboxylic acids react analogously 
to the acid esters, forming a polyamide acid which is 
imidized to a polyimide. Any and all of these methods, 35 
well known in the art, can be used for making polyi- 
mides according to the present invention. 

The reaction of the dianhydrides or their ester deriva- 
tives of the formula (II) with the diamines of the for- 
mula (I) and/or (III) can also be carried out stepwise, in 40 
order to manufacture intermediate polymers which, at 
least in part, have units of polyamide-acids and/or 
polyamide-esters. In these cases, the reaction is carried 
out in a manner which is itself known, using a slight 
excess of one or the other reactant in order to obtain 45 
prepolymers which have end groups suitable for the 
further reaction, (i.e., amino end groups, acid chloride 
groups and/or anhydride groups). 

The cyclization or imidization of the polyamide-acids 
obtained after the condensation reaction to polyimide is 50 
carried out in a manner, which is itself known, by chem- 
ical means or by means of heat. Two general methods 
are used. 

The chemical cyclization or imidization is appropri- 
ately carried out by treatment with a dehydrating agent 55 
on its own or as a mixture with a tertiary amine. Rea- 
gents which can be used are, for example, acetic anhy- 
dride and propionic anhydride or mixtures of acetic 
anhydride and triethylamine or similar tertiary amine. 

The thermal cyclization or imidization typically can 60 
be carried out in two different procedures. If a poly- 
imide precursor, such as a polyamide-acid, is imidized in 
the absence of solvent, then the imidization temperature 
can range from about 200° C. to about 300° C. If the 
polyimide precursor is imidized in the presence of a 65 
solvent, as would be the case if the polyimide was to be 
prepared directly, then the imidization temperature can 
range from about 150° C. to about 250° C. 


8 

The polyimides according to the invention, as well as 
the corresponding molecular or laminate composites 
using them as the continuous phase, are suitable for the 
manufacture of shaped articles of very diverse types, 
such as fibers, films, sheets, coating, foams, laminates, 
molding powders, pressed articles and the like, in a 
manner which is itself known, if desired, with the use of 
customary additives, such as pigments, fillers and the 
like. 

When the polyimides are used in laminate compos- 
ites, they usually represent the continuous phase, with 
the laminate being reinforced by an organic fiber. Typi- 
cal organic fibers used as reinforcing agents in laminate 
composites include, but are not limited to, carbon fiber, 
polyamides, polyesters, and other high tensile strength 
high performance organic fibers. However, inorganic 
and metallic fibers can also be used. 

The composites of the present invention may be 
formed by any technique which is generally known in 
the art, including, but not limited to: compression mold- 
ing, autoclaving, injection molding and other similar 
techniques. One particularly preferred technique used 
in the present invention involves taking a fabric com- 
posed of the fibrous material that is to be the reinforcing 
agent, dipping it into a preimpregnation dip containing 
a solution of a polyamide-acid and/or polyimide having 
low to moderate molecular weight so that the polymer 
solution viscosity will be in the range from about 1,000 
to 4,000 centipoise (cp) and preferably from about 1,000 
to 3,000 cp. The dip coats the fibers and fills the inter- 
stices between the fiber in the fabric. The prepreg step 
generally uses a lower molecular weight form of the 
polyimide precursor, polyamide-acid, followed by a 
subsequent thermal conditioning step of the entire com- 
posite to yield a fully polymerized and imidized, tough 
and durable laminate composite. 

The laminate composites generally have from 4 to 30 
layers of dipped fabric per composite. Typically the 
composite is made up of sets of smaller laminate com- 
posites consisting of from about 2 to about 6 dipped 
fabric layers with the orientation of the fabrics all in the 
same direction for the smaller laminate composite. 
However, composites with many layers of the same or 
differing orientation relative to one another can be pre- 
pared directly. 

For compression molding, the small laminate struc- 
tures are dried in a drying cycle as shown in FIG. 1. 
After drying, the small composites are assembled into a 
larger composition where the larger composite can 
have from about 3 to 6 small components. The large 
composite can be structured in such a way as to have all 
the fabric running the same direction, i.e. anisotropic, or 
all running in different directions to simulate an iso- 
tropic final structure. The large or small laminates can 
then be compression molded using a compression mold- 
ing cycle similar to that shown in FIG. 2. The final 
temperature for curing is from about 300° C. to about 
350° C. 

Alternately, the laminate structures can be placed in 
an autoclave and subjected to heat and pressure to af- 
fect laminate pretreatment. This is normally done at 
moderate temperatures from about room temperature to 
about 120° C. to about 250° C. and is meant as a mecha- 
nism for degassing the laminate layers and to increase 
the interpenetration of the dip coating on fabric layers 
so that a more uniform and stronger composite is ob- 
tained. The pretreated small laminates are then put 
together in a desired direction orientation of reinforcing 
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fiber to obtain the desired final composition properties. 
Typically, the number of smaller composites that go 
into making the larger composite is between from about 
3 to about 6 or 10. 

The laminate structures can then be cured by auto- 5 
claving or compression molding which completes any 
imidization of polyimide precursors and/or completion 
of the polymerization of lower molecular weight polyi- 
mides to the thermoplastic polyimides. The final curing 
temperature is typically from about 250° C. to about 1° 
350° C. However, higher temperature may be used. 

Composites obtained through these methods, or other 
methods for making composites using polyimide of this 
invention, are very tough and durable, show good ther- 
mal and structural integrity and have unusually high 15 
fracture energies, meaning that they are extremely resis- 
tant to impact fracturing and fatigue fractures. They 
also show enhanced thermal stability in that the T g of 
the polyimides of this invention are from about 200° C. 
to about 260° C. and their melting points are in the 20 
range between about 300° C. and 360° C. The difference 
between the polymer’s T g and its melting point tempera- 
ture T m directly effect the processing properties of 
thermoplastic. The higher the the higher the tern- ^ 
peratures that the final composites can withstand. The L 
lower the T m , the easier the polyimides will be to pro- 


The composites of this invention are derived from a 
polyimide having a relatively high T g , a relatively small 3Q 
difference between T^and T m , and thermoplastic prop- 
erties. The composite comprises a polyimide or poly- 
imide precursor and a reinforcing fiber, the precursor 
being characterized by the ability to be imidized to the 
polyimide. The polyimide is characterized by having 35 
some repeat units of formula (IV). The polyimides can 
be copolyimides which have some repeat units of both 
formulas (IV) and (V), but the polyimides or polyimide 
precursors are preferred which have only units of for- 
mula (IV). The fiber used to make the composites of the 40 
present invention can be selected from the representa- 
tive and illustrative group consisting of carbon fibers 
and other carboneous fiber material, polyamide fibers, 
polyester fibers, polyimide fibers, cellulose fibers and 
cellulose derived fibers and other high strength fiber 45 
(viz., organic or inorganic) used in composites. 

The process for making composites based on a poly- 
imide having relatively high T* relatively small differ- 
ence between T g and T m , and thermoplastic properties 
comprises the steps of: 1) pre-pregging a fiber with a 50 
polyimide or a polyimide precursor solution; 2) precon- 
ditioning said pre-pregged fiber; 3) layering said pre- 
pregged fiber into a composite; 4) forming said compos- 
ite into a shape; and 5) curing said composite into a 
desired shape. The preferred fiber for use in the com- 55 
posites of the present invention are preferably carbon 
fibers or carboneous fibers. Also, some layered fibers 
may be of different polyimides. 

A competing material that utilizes polyether-etherke- 
tone resins (PEEK) as the continuous phase in laminate 60 
composites, has the major disadvantage that the T g of 
the PEEK polymer is around 145° C. Therefore, the 
composite’s upper temperature threshold is approxi- 
mately 110° C. to 115° C. Typically polymers used for 


sition temperature from a glassy state into a more mo- 
bile state and where the polymer can begin to creep. 

In the case of polyimides of the present invention, 
their T^ is from about 200° C. to 260° C. thus giving 
them an upper temperature threshold in the range of 
170° C. to 230° C. for structural applications. However, 
it should be recognized that the polyimides of the pres- 
ent invention can be used above their T^ for non-struc- 
tural applications. Another advantage of the present 
polyimides in molecular composites is that their melt 
temperature is lower than PEEK. Therefore, the mo- 
lecular composites will need less energy to manufac- 
ture. It can be seen from the discussion above, that one 
desirable quality of a polyimide useful for laminate com- 
posites, is that the T^be as high as possible and the T m 
be as low as possible. Such polymers will show advanta- 
geous properties because they require less energy to 
process in the manufacturing of the laminate or compos- 
ites and the temperature under which the composites 
can operate are as high as possible. 

The present invention uses a prepreg dip step, fol- 
lowed by preconditioning of small laminate structures 
and a build up to larger laminate structures that are 
preconditioned and then autoclaved. Alternate tech- 
niques for the formation of laminate composites and 
molecular composites can be used and are well known 
in the art, including but not restricted to: compression 
molding, injection molding and other similar molding 
technology. 

The diamines of formula (I) can also be utilized in the 
manufacture of polyamides. Polyamides are typically 
formed from the reaction of a diamine with a dicarbox- 
ylic acid or acid derivative as shown in Formula (VI) 


Y — C — G— C — Y 


where G is a divalent radical selected from the repre- 
sentative and illustrative group consisting of an ali- 
phatic radical, cycloaliphatic radical, carboxylic aro- 
matic radical or a heterocyclic aromatic radical and Y is 
selected from the representative and illustrative group 
consisting of hydroxy, alkoxy, alkoxy having from 
about 1 to about 16 carbon atoms and chlorine. 

The polyamides can also include copolymers having 
1 to 100 mol percent of a repeat unit of Formula (VII) 


H o o H ch 3 

Ml HI I 

N — C — G — C — N — Ar 1 — O — CH 3 — C — CH2 — O — Ar 1 

CH 3 


and from about 0-99% of a repeat unit of Formula 
(VIII) 


4 H O O H 1 

1 II II I 

N — C — G' — C — N — Q-j — 


structural application are subject to creep and/or stress 65 where Ari, G and Q are as previously defined and G' is 
induced creep at temperatures approximately thirty separately and independently a divalent organic radical 

degrees below their T g where molecular motion be- selected from the group that defines G. These polyam- 

comes more exaggerated in the polymers. T g is the tran- ides represent a class of thermoplastics with high T g s 
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and T m ’s which can be used in the formation of molecu- 
lar composites or in the formation of polyamide films, 
fibers or molded shapes. The process for making the 
polyamides based on diamines of Formula (I) and one or 
more diamines of Formula (III) and one or more dicar- 
boxylic acid derivatives of Formula (VI) are similar to 
the methods for preparing polyimides and can be done 
in either a small excess of the diamines or a small excess 
of the dicarboxylic acid derivatives. The reaction can 
be performed in solution using the same type of solvents 
that are used in the formation of polyamides as were 
listed above. 

Representative compounds of Formula (VI) are se- 
lected from the representative and illustrative group 
consisting of: malonic acid, dimethylmalonic acid, suc- 
cinic acid, glutaric acid, adipic acid, suberic acid, seba- 
cic acid and dodecanedicarboxylic acid, 1,3-cyclopen- 
tane-dicarboxylic acid, hexahydroisophthalic acid, hex- 
ahydroterephthalic acid, terephthalic acid, isophthalic 
acid, 4,4'-dicarboxydiphenylethane, naphthalene-2, 6- 
dicarboxylic acid, thiophene-2, 5 -dicarboxylic acid and 
pyridine-2, 3 -dicarboxylic acid as well as the corre- 
sponding dichlorides and diesters according to the defi- 
nition. 

Polyamides of this invention can also be reacted in 
the presence of a chain limiting reagent, similar or iden- 
tical to the chain limiting reagents that are used in the 
formation of polyimides of the present invention. The 
chain terminating agents can be either of an amine form 
or a carboxylic acid derivative form and can include 
such species as aniline or aniline derivatives or benzoic 
acid or benzoic acid derivatives. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Applicant has found that the polyimides or polyam- 
ides derived from diamines of formula (I), or copoly- 
mers having at least 1 mol percent of repeat units de- 
rived from diamines of formula (I), represent a new and 
novel class of high performance thermoplastics and 
components for making composites where the reinforc- 
ing agent is a fiber or fibrous material such as carbon 
fiber, polyester, Kevlar (§) and the like. The composite 
properties based on polyimides or polyamides of the 
present invention show high modulus, high tensile and 
compression strength, high energy absorption, low co- 
efficient of expansion, low electrical properties, high 
resistance to fracture fatigue and high thermal stability 
due to the relatively high T^. 

In preparing the homopolyimides of the present in- 
vention which contain 100% of repeat units of structure 
(II), a near one to one mixture of a diamines of formula 

(I) such as l,3-bis[4-aminophenoxy]-2,2-dimethyl pro- 
pane, where Ar 1 is phenyl, and a dianhydride of formula 

(II) such as 3,3',4,4'-benzophenone tetracarboxylic dian- 
hydride, where Z is benzophenone are allowed to react 
under the above stated reaction conditions to form a 
polyimide. 

In preparing the copolyimides consisting of 1 to 100 
mol percent of repeat units of formula (IV) and 99 to 0 
mol percent of repeat units of formula (V), it is under- 
stood that a given molar amount of a combination of 
one or more diamines of formula (I) and one or more 
diamines of formula (III) is mixed with a nearly equal 
molar amount of one or more dianhydride of formula 
(II). The diamines of the formula (I) in which both Ari 
group are phenyl are preferred although napthyl, tolyl, 
benzidyl and related groups may be used. Polyimides 
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consisting of only repeat units of formula (IV) are par- 
ticularly preferred. However copolyimides having 
50-99 mol percent of repeat units of formula (IV) and 
1-50 mol percent of repeat units of formula (V) are of 
interest because these copolyimides allow the expres- 
sion of properties of the diamines of formula (I), the 
enhanced fatigue and fracture resistance and high tem- 
perature stability properties of the polyimides, and mini- 
mize the increased cost of the resulting polyimides by 
using diamines of formula (I) in copolymers of the pres- 
ent invention. 

In all the above polymers indicated by 1 to 100 mol 
percent of repeat units of formula (IV) and 99 to 0 mol 
percent of repeat units of formula (V), the end groups of 
the polymers can be either an amine, an anhydride or a 
combination of these groups. The reaction can also be 
carried out in the presence of a chain limiting reagent 
such as a mono functional amine containing organic 
reagent or a mono functional anhydride containing 
organic reagent. These chain limiting reagents actually 
stop polymerization by introducing a non-reactive 
group at the end of a polymer chain. In the case of 
anhydride chain limiting reagents, the reagents include 
but are not limited to, a phthalic anhydride, or other 
similar aromatic anhydrides. In the case of organic 
amine chain limiting reagents, the reagents include but 
are not limited to aniline, alkyl substituted anilines, or 
naphthyl amines. 

The laminate composites that are taught in this appli- 
cation are made by a technique that involves predipping 
or pre-pregging a fabric, preferably a fabric form of the 
fiber, made up of a particular reinforcing fiber such as 
carbon fiber or Kevlar ® or any other type of high 
temperature, high tensile strength fabric fiber in a solu- 
tion of the polyimide precursor such as polyamide-acid 
or polyamide-ester or a mixture thereof, or the poly- 
imide polymerized to a given molecular weight. The 
molecular weight of the polyimide or polyimide precur- 
sors can be controlled by the addition of the chain ter- 
mination agents being either a form of simple aromatic 
anhydride or simple aromatic amine as taught above or 
by controlling the polymerization reaction time and 
temperature. The molecular weight of the prepolymer 
and the type of capping group utilized in the prepara- 
tion of the laminates does impact the type of final prop- 
erties that the laminate composites will exhibit. Typi- 
cally, the pre-dip solution has a viscosity from about 
1,000 to 4,000 cp and preferably from about 1,500 to 
about 3,000 cp, usually at 10-50% by weight solution 
and preferably from about 10-23% solids. 

Two modes of laminate preparation were used in the 
present invention. Both require predipping a fabric, 
layering the dipped fabric to form a composition having 
from about 2 to about 30 layers, preconditioning the 
composite or laminate, followed by a heat and pressure 
treatment to cure the laminate. In the case of compres- 
sion molding, the typical curing temperature is from 
about 300° C. to 350° C. and typical curing pressure is 
from about 2,000 to about 3,500 psi, preferably from 
about 2,500 to about 3,250 psi. In the case of autoclav- 
ing, the typical curing temperature is from about 300° 
C. to 350° C. and typical curing pressure is from about 
100 to about 300 psi, preferably from about 150 to about 
250 psi. 

The second technique involves autoclaving the lami- 
nate products to precondition the composites and/or 
cure the composites. The preconditioning step is used 
for each composite structure, regardless of whether or 
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not the structure will be a part of a larger structure or is 
complete in and of itself. Autoclaving is preferred be- 
cause more uniform composites are made over the more 
conventional compression molding process. The pre- 
conditioning step is normally carried out at ambient 5 
temperature or up to about 250° C. 

The polyimides of this invention have a preferred T^ 
from about 200° C. to about 250° C., a preferred T m 
from about 300° C. to about 350° C., and a preferred jg 
difference between T^ and T, from about 50° C. and 
about 150° C. These values allow the composites to 
have good thermal stability and a good processing win- 
dow. 

The invention will be better understood by reference 15 
to the following examples which are included for pur- 
poses of illustration and not limitation. The following 
terms which are used throughout the examples and 
claims have the following definitions: g— gram(s), 2Q 
mol — mole(s), mL — milliliter, L — liter(s) 


EXAMPLE 1A 

PREPARATION OF DINITRO INTERMEDIATE 

OF FORMULA (c). 25 

This example describes the preparation of l,3-bis(4- 
nitrophenoxy)-2, 2-dimethyl propane, a dinitro interme- 
diate of formula (c), where Ar 1 is phenyl. 

4-Chloronitrobenzene (0.194 mol, 30.6 g) and 2,2- 3Q 
dimethyl- 1,3-propanediol (0.096 mol, 10.0 g) were 
added to a 500 mL 3-neck round bottom flask equipped 
with a reflux condenser, a mechanical stirrer and a 
nitrogen inlet. N,N-Dimethylacetamide (DMAC) (40 
mL) was added along with potassium carbonate (anhy- 35 
drous, 0.15 mol, 21.2 g), and the heterogenous mixture 
was heated to reflux under a nitrogen atmosphere. The 
yellow mixture soon darkened to brown and a white 
precipitate formed on the side of the round bottom 
flask. The mixture was heated at reflux for 24 hours, 40 
allowed to cool to room temperature and then poured 
into ice water and neutralized to pH 7 with HC1 (cone.). 
The crude product was collected by filtration, washed 
with water, then stirred in hot ethanol, recollected by 45 
filtration, air dried and recrystallized from ethyl acetate 
to give pale yellow prisms. Yield: 25.2 g (0.07 mol, 
76%) MP: 165°-166° C. 


EXAMPLE IB 

50 

This example describes the preparation of l,3-bis(4- 
nitrophenoxy)-2, 2-dimethyl propane, a dinitro interme- 
diate of formula (c), where Ar 1 is phenyl. 

4-Chloronitrobenzene (1.25 mol, 197 g) and 2,2- 
dimethyl- 1,3-propanediol (0.5 mol, 52 g) were added to 55 
a 500 mL 3-neck round bottom flask equipped with a 
reflux condenser, a mechanical stirrer and a nitrogen 
inlet. Dimethylsulfoxide (DMSO, 215 mL) was added 
along with potassium carbonate (anhydrous, 1.75 mol, ^ 
103.5 g), and the mixture was stirred at reflux for 24 
hours. The dark brown mixture was allowed to cool to 
room temperature, poured into ice water, neutralized to 
pH 7 with HC1 (cone.), filtered and washed with water. 
The precipitate was then stirred in hot ethanol, filtered $5 
and washed with diethyl ether. The crude product was 
recrystallized from ethyl acetate to give pale yellow 
prisms. Yield: 132 b (0.37 mol, 73%) MP: 1 .64°-166* C. 
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EXAMPLE 2A 
PREPARATION OF DIAMINES OF FORMULA 

(I) 

This example illustrates the preparation of l,3-bis(4- 
aminophenoxy)-2, 2-dimethyl propane by reduction of 
the dinitro compound prepared in Example 1. 

1 ,3-Bis(4-nitrophenoxy)-2,2-dimethylpropane (0.23 

mol, 80.0 g) and palladium on activated carbon (5%, 1 
g) were added to a 2 liter 3-neck flask equipped with a 
mechanical stirrer, reflux condenser and an additional 
funnel. Ethanol (abs. 1.3 L) was added and the mixture 
was heated to solution. Hydrazine monohydrate (1.6 
mol, 80. 1 g) was added to the addition funnel and then 
added dropwise to the reaction solution. Once the addi- 
tion was completed the solution was heated at reflux for 
6-8 hours, filtered hot through celite and evaporated to 
give the product as an off-white powder. Yield: 26 g 
(0.09 mol, 100%) MP: 116M17 0 C. 

EXAMPLE 2B 

This example illustrates the preparation of l,3-bis(4- 
aminophenoxy)-2, 2-dimethyl propane by reduction of 
the dinitro compound prepared in Example 1. 

1 ,3-Bis(4-nitrophenoxy)-2,2-dimethylpropane (0.09 

mol, 31 g) was placed in a hydrogenation flask along 
with palladium on activated carbon (5%, 0.8 g) and in 
absolute ethanol. The reaction mixture was flushed 
three times with hydrogen then pressurized to 60 psi 
and reacted until no further decreases in pressure were 
observed. The solution was filtered through celite to 
remove the carbon and the filtrate was evaporated to 
give the product as an off-white powder. Yield: 26 g 
(0.09 mol, 100%) MP: 115°-116° C. 

GENERAL POLYIMIDE PREPARATION 
EXAMPLE 3A 

This example illustrates the preparation of a 
homopolyimide of 3, 3', 4, 4' benzophenone tetracarbox- 
ylic dianhydride (BTDA) and 1,3-bis (4-aminophenoxy) 
-2,2-dimethyl propane ( BAPDMP). 

BAPDMP (0.0179 mol, 5. 1253 g) was added to a resin 
kettle and dissolved in N-methylpyrrolidone (NMP, 50 
mL). BTDA (0.0179 mol, 5.7670 g) was added and 
reacted at room temperature for 24 hours. The inherent 
viscosity of the polyamide-acid precursor at this point is 
1.0 dL/g at 30° C. and 0.5 g/d L in NMP. Pyridine 
(0.0269 reel, 2.1 g) was added and after 15 minutes 
acetic anhydride (0.0269 mol, 2.7 g) was added. The 
viscous solution was stirred for 24 hours at room tem- 
perature and then precipitated into ethanol (1.5 L). The 
polymer was filtered, washed with ethanol and then 
dried at 120° C. for two hours and at 250° C. for two 
hours under vacuum. 

Polyimide properties: fracture energy =4.28 kJ/m 2 , 
elastic modulus =3.0 GPa, density = 1.31 g/cm 3 at 23° 
C., Tg=235° C., and T m =322° C. The polyimide has 
good solvent resistence in the case of most organic 
solvents being essentially insoluble once the poly- 
imide is formed. 


EXAMPLE 3B 

This example illustrates the preparation of a 
homopolyimide of bis-(3,4-dicarboxyphenyl) ether di- 
anhydride also named 4,4'-oxydiphthalic dianhydride 
(ODPA) and 1, 3 -bis(4-aminophenoxy)-2, 2-dimethyl 
propane (BAPDMP). 
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BAPDMP (0.00528 mol, 1.51 g) was added to a resin 
kettle and dissolved in N-methylpyrrolidone (NMP, 21 
mL). ODPA (0.00528 mol, 1.64 g) was added and re- 
acted at room temperature for 24 hours. Triethylamine 
(0.00792 mol, 1.1 mL) was added and after 15 minutes 5 
acetic anhydride (0.0792 mol, 0.75 mL) was added. The 
viscous solution was stirred for 24 hours at room tem- 
perature and then precipitated slowly into ethanol (1.5 
L) with rapid stirring. The polymer was filtered, 1Q 
washed six times with ethanol and then dried at 125° C. 
for two hours and at 250° C. for two hours under vac- 
uum. The yield was 2.7 g of a pale yellow fibrous poly- 
mer. 

Polyimide properties: [Trj]m*=0.83 dL/g at 30° C. at 0.5 15 
g/dL concentration, T^=219° C., and T m =295° C. 
However, upon rescan in a DSC the Tg remained 
about 219° C., but the T m disappeared completely 
indicating the formation of an amphorous polyimide. 


EXAMPLE 3C 


20 


This example illustrates the preparation of a 
homopolyimide of 3, 3', 4, 4' biphenyl tetracarboxylic 
dianhydride (BPDA) and 1,3-bis (4-aminophenoxy)~2,2- 
dimethyl propane (BAPDMP). 25 

BAPDMP (0.00699 mol, 2.00 g) was added to a resin 
kettle and dissolved in N-methylpyrrolidone (NMP, 27 
mL). BPDA (0.0699 tool, 2.05 g) was added and reacted 
at room temperature for 24 hours. Triethylamine 30 
(0.01048 mol, 1.45 mL) was added and after 15 minutes 
acetic anhydride (0.01048 mol, 0.99 mL) was added. 
The solution became very viscous after about one hour. 
The viscous solution was stirred for 24 hours at room 
temperature and then precipitated into ethanol (1.5 L). 35 
The polymer was filtered, washed with ethanol and 
then dried at 120° C. for two hours and at 250° C. for 
two hours under vacuum. The reaction yield was 3.7 g 
of a dark-yellow polymer. 

Polyimide properties: 0.99 dL/g at 30° C. in 40 

m-cresol at a concentration of 0.5 g/dL, T g =260° C. 
(very weak), and T m =359° C. However, upon rescan 
in a DSC the T^ became real broad at about 250° C., 
but the T m disappeared completely indicating the ^ 
formation of an amorphous polyimide. A third scan 
showed a very weak and broad possible Tg centered 
at about 250° C. 


POLYIMIDE RESIN 
EXAMPLE 3D 


50 
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EXAMPLE 3E 

END-CAPPED POLYAMIDE ACID 

This example illustrates the preparation of an end 
capped polyimide of BAPDMP and BTDA capped 
with Phthalic anhydride. 

BAPDMP (40.3667 g, 0.1410 tool) and BTDA 
(43.1500 g, 0.1339 tool) were placed in a resin kettle in 
the presence of NMP (15. 1 mL) followed by the addi- 
tion of Phthalic anhydride (2.0855 g, 0.0141 mol) (the 
chain terminating agent) and reacted at room tempera- 
ture for 24 hours. The end-capped polyamide-acid was 
recovered from methanol (9.0 g, 11.4 mL, 0.28 mol). 

EXAMPLE 4 

PREPARATION OF A HOMOPOLYIMIDE 
PREPREG SOLUTION 

This example illustrates the preparation of a 
homopolyimide prepreg solution of BTDA and 
BAPDMP. 

BAPDMP (50.4 g, 0.18 mol) was slurried in 58 mL of 
THF at room temperature. The mixture was stirred and 
heated to near 80° C. under nitrogen until the 
BAPDMP dissolved (ca. 10 minutes). Solids content of 
this solution was about50% (w/w). NMP (36 mL) was 
added to a resin kettle containing 57.9 g (0.18 mol) of 
BTDA. The resulting white slurry was stirred under 
nitrogen while 14.6 mL (0.36 mol) of methanol was 
added. The slurry was heated to ca. 80° C. for about one 
hour to afford a clear solution. The above prepared 
solution of BAPDP was carefully added to the diester 
solution at 80° C. The flask and the addition funnel were 
washed with 50 mL of THF and the resulting mixture 
was stirred and heated at 80° C. for two hours. THF 
was removed under reduced pressure until the viscosity 
of the prepreg solution reached 2,000-4,000 centipoise 
measured on a Brookfield viscometer. The solution was 
then used to coat T-40 12K carbon fibers at 60° C. The 
coated carbon fabric was then subjected to a heating 
cycle under reduced pressure as shown in FIG. 1. The 
temperature was taken from 80° C. up to 200° C. The 
dipped fiber was held for two hours at 250° C. under 
vacuum and then allowed to cool to room temperature. 
Laminates of either organic or inorganic fibers can be 
made as above. 

EXAMPLE 5 

PREPARATION OF A COMPRESSION MOLDED 

LAMINATE 


This example illustrates the preparation of the neat 
polyimide of l,3-bis(4-aminophenoxy)-2, 2-dimethyl 
propane (BAPDMP) and 3,3',4,4'-benzophenone tetra- 
carboxylic dianhydride (BTDA) in m-cresol. 55 

BAPDMP (7.3088 g, 0.0255 mol) and BTDA (8.2239 
g, 0.0255 mol) were added to a 250 mL round-bottom 
flask equipped with a mechanical stirrer, a nitrogen inlet 
and a short-path distillation head. After m-cresol (1 12 ^ 
mL) and isoquinoline (3 drops) were added, the solution 
was heated at 200° C. for two hours while the water of 
imidization was removed by distillation. Toluene may 
be added as an azeotroping agent. The viscous reaction 
mixture was agitated with 600 mL of ethanol to precipi- 65 
tate the fibrous product. The polymer was collected by 
filtration and dried at 250° C. under reduced pressure 
for four hours. 


This example describes the preparation of a compres- 
sion molded laminate using the prepreg fabric from 
Example 4. Four to ten layers of prepreg fabric from 
Example 4 are layered on top of one another in any 
combination of orientations including all the fabric hav- 
ing the fibers in the same orientation or a combination of 
fibers in one direction followed by a set of fibers in 
another direction, followed by a set of fibers in another 
direction, to form a composite composition where the 
fibers are oriented in different directions to allow the 
final composite to have more uniform properties. The 
composites are then compression molded according to 
the compression molding cycles shown in FIG. 2. The 
temperature is first raised from room temperature to 
300° C. at two degrees per minute. A pressure of 3,000 
psi was then applied for one hour. The pressurized 
heated composite was then heated again at one degree 
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per minute to a temperature of 330° C. and held under 
pressure for one hour, at which point the composite was 
cooled at two degrees per minute under pressure to 
below 65° C. at which point the pressure is removed. 
The compression molding was performed by placing 
the layered composite between a porous ply glass cloth 
and a steel plate on either side and pressure of 3,000 psi 
was applied to the two steel plates to cause the sand- 
wich laminate to be subjected to pressure and tempera- 
ture. The composite has the final properties shown on 
Tables I and II. 


TABLE I 



Room 

Temper- 

ature 

250° F. 
Dry 

250° F. 
Wet 

350° F. 
Dry 

Shear 

94.0 MPa 

67.2 MPa 

63.7 MPa 

53.2 MPa 

strength 

(short-beam) 

Flexural 

1283.0 MPa 

785.0 MPa 

728.0 MPa 

560.0 MPa 

strength 
(3-point bend) 
Flexural 

113.0 GPa 

116.0 GPa 

113.0 GPa 

118.0 GPa 


Modulus 
(3-point bend) 



TABLE II 


Isothermal Aging Study of PI-2/T-40 Composites 
at 200° C. in Air 


Flexural 

Flexural 


Strength 

Modulus 


MPa 

GPa 

Initial 

1054 

99.6 

One Day 

1216 

126.3 

One Week 

1147 

134.7 

Two Weeks 

1148 

109.7 

Three Weeks 

1212 

98.6 

One Month 

1216 

98.0 


It is apparent from the data presented in Tables I and 
II that the composites of the present invention show 
excellent high temperature behavior with respect to 
shear and flexural strength and flexural modulus. The 
composites do not show significant strength loss until 
temperature of 350° F. are attained. The composites of 
this invention also show only a small decrease in 
strength at 250° F. when the composites are subjected 
to wet conditions. The composites of this invention as 
indicated in Table II also show excellent thermal stabil- 
ity in both modulus and strength (Flexural) on long 
term aging. Thus, after one month of air aging at 200° C. 
the composites shown have undergone only a modest 
rise in strength from an initial value of MPa to a value 
of 1216 MPa and a change in modulus over time which 
appears to return the modulus to nearly its initial value 
of 99.6 GPa. The data may also indicate that after three 
weeks of aging at 200° C. that the composite has reach 
an state of equilibrium. 

AUTOCLAVE PREPARATION OF COMPOSITES 
EXAMPLE 6 

This example illustrates the autoclave preparation 
method for curing composites made from the polyi- 
mides described in Examples 3 according to fiber pre- 
preg, according to Example 4. 

Materials 

The following materials were used for autoclave 
curing: bagging film was Kapton film; sealant tape was 
GS 900 (works up to 900° F.); release fabric was non- 
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porous teflon coated glass cloth; peel plies were porous 
teflon coated glass cloth; bleeders for absorbing resin 
ooze and allowing solvent escape; and autoclave tool. 


5 Tool Assembly 

First the release fabric was placed on the curing part 
of the tool. A bleeder lay was then placed on top of the 
release fabric and a peel ply was place on top of the 
bleeder. Next the pre-pregged fabric, according to Ex- 
10 ample 4, of any appropriate size was stacked into a 
composite laminate of any number of layers and was 
placed on top of the peel ply. A second peel ply was 
placed on top of the composite followed by a second 
bleeder. The bagging film was then placed over the 
15 above assembly and taped to the tool with the sealant 
tape. The autoclave tool was designed to allow the bag 
to surround the composite and to allow the composition 
region inside or under the bag to be subjected to a vac- 
uum, while up to 300 psi of pressure is applied to the 
20 outside or top of the bag. The tool has a top and bottom 
and the bag was secured between the top and bottom 
part of the tool. Thus, the bag acted as a barrier between 
the composite assembly under the bag, which can expe- 
rience a vacuum from the top of the bag, which can 
5 experience pressure. The vacuum allowed purging of 
volatiles while the pressure insured curing. 

Composite Curing 

The tool housing the composite was subjected to the 
curing cycle shown in FIG. 3. The temperature was 
raised from room temperature at a rate of 1.5° C./min. 
under a vacuum of 2-5 inches until the temperature 
reached 120° C. at which point full vacuum was applied 
35 and heating continued until a temperature of 165° C. 
was attained. The temperature was maintained at 165° 
C. for one hour under full vacuum. After one hour, 
heating was resumed at 1.5° C./min. to a temperature of 
300° C. where the vacuum was discontinued and pres- 
40 sure was begun slowly and increased over a 15 minute 
period of time culminating in full pressurization at 200 
psi. The system was held under full pressure at 300° C. 
for two hours. The temperature was ramped up again to 
330° C. at 1° C./min. and held at 330° C. for one and a 
45 half hours under full pressure. The assembly was cooled 
at 1.5° C./min. under full pressure. The pressure was 
released when the temperature dropped below 65° C. 
The assembly was decomposed and the composition 
was removed. The above obtained composition had 
50 similar properties to the composite made by compres- 
sion molding. 

It should be recognized that any polyimide or combi- 
nation of polyimides containing some of a diamine of 
formula (f) can be used in the above composite con- 
55 struction and curing along with a mixture of fibers. 

While in accordance with the patent statutes the best 
mode and preferred embodiment of the invention have 
been described, it is to be understood that the invention 
is not limited thereto, but rather is to be measured by the 
60 scope and spirit of the appended claims. 

What is claimed is: 

1. A composite derived from a polyimide having a T g 
from 200°-260° C. and a T m of from 300°-360° C. and a 
difference between T g and T m from 40°-160° C., and 
65 thermoplastic properties comprising: 

(a) a polyimide or polyimide precursor, the precursor 
being characterized by the ability of being imidized 
to the polyimide, the polyimide being character- 
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. ized by having from about 1 to 100 mole percent of 
a repeat unit formula (IV) and from about 99 to 0 
mole percent of a repeat unit of formula (V); and 
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(b) a reinforcing fiber being selected from the group 
consisting of carbon fibers, polyamide fibers, poly- 15 
ester fibers, polyimide fibers, cellulose fibers and 
cellulose derived fibers and wherein Ar 1 is an aro- 
matic group where the ether linkage and amine 
linkage are in a para arrangement and where Z and 
Z' are tetravalent organic radicals selected from 20 
the group consisting of a carbocyclic-aromatic 
containing radical and a heterocyclic-aromatic 
containing radical where each anhydride group is 
located on an aromatic ring with the carbonyl units 
in an ortho orientation relative to one another and 25 
Q is a divalent organic radical selected from the 
group consisting of an aliphatic radical having at 
least two carbon atoms, a carbocyclic aliphatic 
radical, a carbocyclic aromatic containing radical 
and a heterocyclic containing radical. 

2. The composite of claim 1 wherein the polyimide 
has only units of formula IV. 

3. The composite of claim 1 wherein the fiber is a 
carbon fiber. 

4. A process for making laminate composites based on 
a polyimide having a Tg from 200° -260° C. and a T m of 
from 300°-360° C. and a difference between T^and T m 
from 40°-160° C., and thermoplastic properties com- 
prising the steps of: 

(a) pre-pregging a fiber with a polyimide or a poly- 
imide precursor solution, wherein the polyimide or 
polyimide precursor solution is characterized by 
having from about 1 to 100 mole percent of a repeat 
unit formula (IV) 45 
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and wherein Ar 1 is an aromatic group where the ether 
linkage and amine linkage are in a para arrangement and 
where Z and Z' are tetravalent organic radicals selected 
from the group consisting of a carbocyclic-aromatic 
containing radical and a heterocyclic-aromatic contain- 
ing radical where each anhydride group is located on an 
aromatic ting with the carbonyl units in an ortho orien- 
tation relative to one another and Q is a divalent organic 
radical selected from the group consisting of an ali- 
phatic radical having at least two carbon atoms, a car- 
bocyclic aliphatic radical, a carbocyclic aromatic con- 
taining radical and a heterocyclic containing radical; 

(b) heating the pre-pregged fiber to yield an imidized 
fiber; 

(c) layering the imidized fiber on top of one another 
in any combination of orientations into a compos- 
ite; and 

(d) curing the composite to impart thermoplastic 
properties by autoclaving or compression molding 
wherein the compression molding temperature is 
from 300°-350° C. and from 2000-3500 psi and 
wherein the autoclave temperature is from 
300°-350° C. and from 100-300 psi. 

5. The process of claim 4 Wherein the polyimide 
precursor is convertable into the polyimide by imidiza- 
tion. 

6. The process of claim 4 wherein the polyimide or 
polyimide precursor is characterized by having only 
repeat units of formula (IV). 

7. The process of claim 4 wherein the fiber is selected 
from the group consisting of carbon fibers, polyamide 
fibers, polyester fibers, polyimide fibers, cellulose fibers 
and cellulose derived fibers. 

8. The process of claim 4 wherein the fiber is a carbon 
fiber. 
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and from about 99 to 0 mole percent of a repeat unit of 
formula (V); 
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65 



